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[Document Name] Specification 

[Title of the Invention] Semiconductor light Emitting Apparatus 
[Clams] 

1, A semiconductor light emitting apparatus, at least comprising on a substrate: 
a compound semiconductor layer containing an active layer, 

a protection film having an opening fonned on the compound semiconductor layer; 

a ridge type compound semiconductor layer having a smaller refractive index than the 
refractive index of the active layer, the ridge type compound semiconductor layer being formed 
as to cover the opening; and 

an electrode formed on tbc ridge type confound semiconductor layer, 

and further comprising a layer whose In compound crystal composition is no less than 

5%, 

wherein an In compound crystal composition of the lidge type compound 
semiconductor layer is no more than 10%, 

2. The semiconductor light emitting apparatus according to claim 1, wherein the 
confound semiconductor layer containing the active layer includes a first conductivity typo 
clad layer formed below the active layer having a smaller refi^tive index than the refractive 
index of the active layer, and a second conductivity type first clad layer formed on ttie active 
layer having a smaller refractive index than the refractive index of the active layer. 

3. The semiconductor light emitting apparatus according to claim 2, wheancin the In 
content of the second conductivity type first clad layer is 5 or less. 

4. The semiconductor ligjit emitting apparatus according to claim 2 or 3, wherein at 
least one layer among the first conducdvity type clad layer, the active layer, and the second 
conductivity type first clad layer is made of a compound represented by (Al3iGai.x)yIn,^ [0 ^ x 
:e 1,0.05 ^y^l]. 

5. The semiconductor light emitting apparatus acconfing to any one of claims 1 to 4, 
wherein the ridge type compound semiconductor layer contains the second conductivity type 
second clad layer. 

6. The semiconductor light emitting apparatus according to claim 5, wherein the 
second conductivity type second clad layer has a refractive index in a range of ±0.2of the 
refractive index of the second conductivity type first dad layer, and ^)vhe^ein the ridge type 
compound semiconductor layer has a composition different from that of the second conductivity 
type first clad layer. 

7. The semiconductor light emitting apparatus according to any one of claims 1 to 6, 
wherein the opening is in a stripe shape and wherein the width of the stripe is narrower at an 
opening end than at an opening center. 
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8. The sexmconductor light emitting apparams according to any one of claims I to 6* 
whenein the opening is in a stripe shape and wherein the width of the stripe is wider at an 
opening end than at an opening center 

9. The semiconductor light enutting apparatus according to any one of claims 1 to 8> 
wherein the surface of the substrate has an ofF-angJc with respect to a lower plane direction. 

10. The semiconductor light emitting apparatus according to any one of claims 1 to 9, 
wherein a far field pattern has a single peak. 

[Detailed Description of the Invention] 
[0001] 

[Field of thb Invention] 

This invention relates to a semiconductor light emitting device such as semiconductor 
lasers and. more particularly, to a senjicoaductar laser having a ridge type stripe structure with 
stable laser property and high reliability of laser operation, 

[0002] 
[Description of Prior Art] 

A structure so^alled as a ridge waveguide type is frequently used to easily produce 
semiconduccor light emitting apparatuses. Fig- 4 shows a manufacturing method for such a 
structure. First, an n-type clad layer 402, an active layer 403, a p-type clad layer 404, and a 
p*type contact layer 405 are formed on a substrate 401. Subsequently, a photoresist 411 having 
stripe openings as a pattern made by photolithography is formed on a wafer surface to form a 
stripe-shaped ridge by a wet etching process using the photoresist as a mask so that the p-clad 
layer 404 retnains with a prescribed thickness. An insulation :&lm 409 having insulating 
property is formed on the whole wafer surface; the insulation film at a top of the ridge is 
removed by photolithography; and an epitaxy side electrode 407 and a substrate electrode 408 
are fonned. The ridge structure thus formed can make the transverse mode for laser oscillation 
stabilized and can reduce the threshold currents. 
[0003] 

However, with such a conventional manufacturing method for ridge waveguide type 
semiconductor Ught emitting apparatus, because the ridge portion is fonned by an etching, it is 
difficult to control die thickness of the clad layer in a non-ridge portion 410 with high accuracy. 
As a result, slight differences in the thickness of the clad layer in the non-ridge portion make the 
effective re&active index gready deviated at that ponion, thereby making the laser property of 
the semiconductor light emitting ^paratus de'^ated and improvements in product yields not 
easily obtainable. 
[0004] 

To solve such a problem* a method has been proposed in which the thickness of the 
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clad layer of the non-ridge pardon is determined using a crystal growth rate during the crystal 
growth, in which a protection film is formed at the non-ridge portion, and in which the ridge 
portion is re-grown (see gencraUy, JP-A-5-I21,822, JP-A-9-199,791, JP-A-10-326,934-938, 
JP-A-10-326,945). Fig. 3 shows producing method and structure for such a laser device. 
When the ridge portion is formed, a layer is selectively re-grown in using a protection filih 306 
as a mask on stripe shaped openings 307# and a p-type second clad layer 308 and a p-type 
contact layer 309 are sequentially accumulated with trapezoid cross-sectional shapes according 
to isotropic nature in the growth rate with respect to face orientation, ^^tb this method, the 
thickness of the p-type first dad layer 304 in the non-ridge portion was controlled with high 
accuracy, so that the efifective refractive index was controlled easily. 
[0005] 

Because lattice matching should be made to the substrate, the In content cf the 
respective layers of the double hetero structure including a first conductivity type clad layer, an 
active layer, and a second conductivity type first clad layer, like InGaAsP/In(AlGa)AsP/InP 
based and InGaAs/In(AlCa) As/InP based, which axe formed on an InP substrate, and 
JnGaP/IN(AlGa)P based and InGaAs/InGaAsP/IhGaP based, which are formed on a GaAs 
substrate, is designed to have 50 ^ or more. In general, the La content is determined to be a 
necessary composition to match the lattice for the substrate whereas the Al and Ga content is 
determined to be a necessary compositim to adjust the refractive Index and Che size of the 
bandgap. 
[0006] 

For example, as shown in Fig. 6, for an (AlGa)InP based red visible light laser (600 
nm band) produced on a GaAs substrate, the In content is set about 50 % of the entire HI group 
as to make the lattice matcliing of the active layer and the clad layer substantially with the 
substrate, and the re&active Lodex and the bandgap are adjusted by setting the Al content in the 
active layer to be small (generaUy, Al content is 0 %) whereas the Al content in the clad layer to 
be large (generally^ Al content is 30 to 50 %). To improve the laser property recently, a quantum 
well active layer is frequentiy strained, and in such a situation, tiie In content is generally varied 
between 40 % and 60 %, 
[0007] 

In also JF-A-9-199J91, a layer containing In (InP clad layer) is grown at the 
re-growth of a ridge portion at the whexe the double hetero structure made of a first conductivity 
type clad layer, an active layer, and a second conductivity type first clad layer is structured of an 
ln(AlGa) AsP/InP based material. 

When the layer containing In is selectively grown to form the ridge shape at the 
protection film opetung, growth rate and compound crystal composition of the layer d positing 
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on the ridge region are easUy shifted laxgely due to the latio of Oie protection film opezung 
width u, the protectioD film masked ^gion width, the growth conditions (such as substrate 
cemperatore and V/m ratio, etc.). and the Bkc. This reason we tMnk is iUusTat^d by that In is 
readily separated particularly on the protection film or the Uke ^e In has a higher vapor 
pressurcincomparisonwithGaandAl. lo a meantime, to suppress compound depositrons 
Uc-lariycon,K.undsir«ludingAl)ontheprotecdonfilm.methodstoaddHag^ 
Hunt during an organic mend vapor deposition growth have been known as in JP.A-5-502147. 
JP A-7.297134. etc. However. JP-A-7-297134 sets forth that the supplying molecular ratio 
HQ / (M m) should be the smallest as much as possible because the In contaimng amount in 
the film greatly depends on the supplying molecular rado of HQ to m and because the ^ 
l^rJZTornp^dcrystalcon^nglntowl^hHOlsaddedisha^^ 
astoreproducethecomposition. TT^as. the growth conditions in a layer contammg ^ ^ 
scvereirrestricted. Cener^y. as the Ih content of the double hetero struct^ .sm.de^^^^ 
t^elncontentin^ridgepordonbecomes higher, and as thelncorttentmthe^d^^^^ 
becomes higher, the above problembecomes more sedous. and the absolute valuecfthe^^^^^ 
irofrelncontentin*eridgepordonwe^becor^slarger(i.e..a.ountssuchasof 

the refractive index, lattice constant become larger). 

^"^"^ ■n.us.ifacompoundsemiconductorlayer(e.g.,acladlayerortheHke)ofthe 
rc^wth portion containinglnricmy to some extent is to be grown, d^egro^tate and *e 

X^l^fthecompoundcrys^containinglnarechan^ 
r^escribed ridge shape and re^dve index w<»se. and possibly 
propel (e.g.. threshold current, divergence an^e, em.) of the ndge wavegmde type laser. 
Lts in the compositionof the conxpoundsennconductor layer comainingfc 
Changes in the lattice constant, bringoccurrences of transfer on the bound^^^ 

re-ETOwtb. and gready lower the reliablUty on the laser operauon. 

Where^elidthoftheridgeoi«»«gismadewidexornarroweratd»eappar.t^ 

0«n at theapparatu^center. the near field pattern at the endfacet, or namely, the be^^^ 

diverg.ncelgle(en.tdnga„gle)ischangeable. However, when the opemng w^dth^^^g^ 
lundthe end where delayer cont^ninglnis grown tube inaridgeshai«.theconrposru^of 

ZXundsen.conductorlaye.containingInmaybeshiftedbetweenanap^^^^^ 
andapc^donnear the end because the ratio of the protectionfilmopemng^ad*^^^ 

p^tecL film maslced region width is changed, thereby raising problems of lowenng 
TntroUabiBty of beamdivergenceangleCemitdag angle) and reproduction p«.p^^ 

^^"^'^ . Toimproverecordingden8ityofmediasuchasadisitalvideodiscasacenter.a 
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visible laser (generally, 630 to 690 am) using an AlOalnP based mateiial starts used practically 
as a light source for information processing instead of the conventional AlGaAs (wavelength is 
around 780 nm), but the following researches have been made to leabze shorter wavelength, 
lower threshold, and high teTOperature operaiion. 

In a production of an AlGalnP/GalnP based visible laser device, use of a substrate 
having an ofif-angle firom the (100) plane toward the [Oil] direcdon (or [0-1-1] direction) allows 
to prevent the band gap fronx xiarrowing due to formation (ordering) of natural super latdces, 
thereby rendedng the wavelength shorter readily, facilitating high concentration doping of 
p-type dopants (e.g.r 2n, Be, and Mg), and im|»oviiig the oscillation threshold current of the 
device by enhancement of the hetero-barrier and temperarure characteristics. If the off-angle is 
too small, step bunching appears outstandingly^ and large undulations are formed at the 
hetero-boundaiies, so that a shift amoimt in which the PL wavelength (or oscillation 
wavelength) is shortened by quantum effects to the bulk active layer may be smaller than the 
designed amount where a quantum well structure (GalnP well layer of about 10 nm or less) is 
manufactured. If the off-angle is made lager, the step bunching is xediiced, and the 
hetero-boundaries become fiat, thereby making the wavelength shorter by the quantum effect as 
designed. Thus, a substrate having an off-angle of S to 16 degrees from the (100) plane toward 
the [Oil] direction (or [0-1-1] direction) is generally used to suppress formation of natural super 
lattices and generation of step bunching, which impede the wavelength from becoming shorter, 
as well as to suppress the oscilladon threshold current from increasing due to shortened 
wavelength from p-type high conceiuration doping and impairment of temperature 
charscieristics- A proper ofif-angel should be selected in consideration of thickness and the > 
stress amount of the OalnP well layer depending on the targeted wavelength such as 650 nm or 
635 nm. 
[0010] 

[Problems to be solved by the Invention] 

Various technologies have been developed so far as described above, but the lidge 
wavegdcle type semiconductor light emitting apparatus in utilizing In Still has a room to be 
in^jroved, and waits for developments of improved technology. It is an object to provide a 
better semiconductor light emitting apparatus capable of solving the problems on dxe prior art as 
described above. That is, it is an object of tihc invention to {nrovide a semiconductor light 
emitting apparatus having good controllability and reproduction property of the lidge shape and 
the compound crystal composition (lattice constant, refrtictive index, etc.) the semiconductor 
layer constituting the ridge with stable laser property and highly reliable laser operation. 
[0011] 

[Means for solving the Problems] 
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The inventors, as a result of diligent research to solve the above problems, found out 
that a semiconductor Ught enritting apparams can be made with improved controllability and 
reproduction property of the ridge (mesa) shape and the compound crystal composition (lattice 
constant, refractive index, etc.) of the semiconductor layer constitating the ridge as weU as 
improved stability of laser property and reliable laser operation thereof where designing the 
apparatus to include at least a compound semiconductor layer containing an active layer on a 
substrate, a protection film having an opening formed on the compound semiconductor layer, a 
ridge type compound semiconductor layer having a smaller refractive index than the le&active 
index of the active layer, the ridge type compound semiconductor layer being formed as to 
cover the opening, and an electrode formed on the ridge type compound semiconductor layer, 
and further including a layer whose In compound crystal compositicttx is no less than 5%, 
wherein an In compound crystal composition of the ridge type compound semiconductor layer 
is no more than 10%, and they came to provide this invention- 
[0012] 

That is, this invention provides a semiconductor light errdtrii^ appaiatos, at least 
comprising on a substrate: a compound semiconductor layer containing an active layen a 
proiecticm film having an openii)^ formed on the compound semiconductor layer; a ridge type 
compound semiconductor layer having a smaller refractive index than the refractive index of the 
active layer, the ridge type compound semiconductor layer being formed as to cover the 
opening; and an electrode formed on the ridge type compound semiconductor layer, and further 
comprising a layer whose In compound crystal cora«K>siiion is no less than 5%. wherein an In 
compound crystal composition of the ridge type compound semiconductor layer is no more than 
10%. 
[0013] 

That is, in the semiconductor Ught emitting apparatus according to this invention, the 
compound semiconductor layer containing the active layer preferably includes a first 
conductivity type clad layer formed below the active layer having a smaller refractive index 
than the refractive index of the active layer, and a second conductivity type first clad layer 
formed on the active layer having a smaller refractive index than the refractive index of the 
active layer. Preferable are: an embodiment in which the In content of tiie second conductivity 
type first clad layer is 5 % or less; an embodiment in which at least one lay^ among the first 
conductivity type clad layer, tiie active layer, and the second conductivity type first clad layer is 
made of a compound represented by (AlxGa,.OyIh,^P [0 ^ x S 1, 0.05 5 y ^ I]; an embodiment 
in which the ridge type compound semiconductor layer contains the second conductivity type 
second clad layer; an embodiment in which the second conductivity type second clad layer has a 
refractiv index in a range of ±0.2of tiie refractive index of tiie second conductivity type first 
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clad layer and in which the ridge type cojoapQund semiconductor layer has a CQmpositlon 
cHfTerenc from that of the second conductivity type first clad layer, embodiment in which the 
opening is in a stripe shape and wherein the width of the stripe is narrower at an opening end 
than at an opening center; an embodiment in which the opening is in a stripe shape and wherein 
the width of the stripe is wider at an opening end than at an opening center; an embodiment in 
which the surfttce of the substrate has an off-angle with respect to a lower plane direction; and 
an embodiment in which a far field pattern has a single peak. 
[0014] 

As desirable embodiments of the semiconductor light emitting apparatus according to 
Che invention, exemplified are: an embodiment in which the ridge type compound 
semiconductor layer is a compound represented by Al:tCja].xAs (0 ^ x ^ 1] or Al^GauxASyPi-y [0 
< X < 1, 0< y < 1]; an embodiment in which no electrode is formed on side surfaces of the ridge, 
an embodiment in which the width of the opening end is no less than 0^ micron meter and no 
more than 1000 micron meters, an embodiment in which a distance between the active layer and 
the protection film is no less than 0.2 micron meter and no moxe than 0.5 micron meter, an 
embodiment in which a contact layer is formed as to cover substantially the whole surface of the 
ridge type compound semiconductor iayer» an embodiment in which at least one layer 
constituting the ridge type compound semiconductor layer contains AI, an embodiment in which 
a gas containing halogen element or elements is added in a small amount when the ridge type 
compound semiconducior layer is selectively grown in use of the organic metal vapor 
deposition growth at the protection film opening, an embodiment in which the opening is so 
selected to extend in a direction that the contact layer is formed as to cover substantially the 
whole soiface of the ridge type compound semiconductor layer» an embodimeot in which a 
crystal growth plane of the substrate is (100) plane or its crystallographically eqiuvalent plane 
and in which an extending direction of an opening of the protection film is [01-1] ditection or its 
crystallographically equivalent direction, an embodiment in which a part of the ridge type 
compound semiconductor layer overiaps on the protectian film, an embodiment in which the 
refractive index of the active layer is smaller than the refractive index of the protection film, an 
embodiment in which the active layer is constituted of a single or plural quantum well layers 
and optical guide layers; an embodinkent in which the anti-oxidation layer is farmed on the 
second conductivity type first clad layer and formed at least at the opening of the protection 
film. 
[0015] 

[Embodiments of the Invention] 

Hereinafter, ref&rring to d tails of respective layers and an example of the 
manufffi;turing process, a semiconductor light emitting apparatus according to the invention is 
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described specifically. 

The seimconductor light emitdttg apparatus according to the invention at least includes, 
on a substrate, a compound semiconductor layer containing an active layer, a protection film 
having an opening formed on the compound semiconductor layer, a ridge type compound ' 
semiconductor layer having a smaller le&acti ve index than the refractive index of the active 
layer, the ridge type compound semiconductor layer being formed as to cover the opening, and 
an electrode formed on the ridge type compound semiconductor layer. 

The substrate used for the semiconductor light emitting apparatus according to the 
invention is not specifically limited as far as allowing a double hetero structure crystal to grow 
on the substrate. What is preferable is a conductive material, and desirably, the substrate is a 
crystal substrate made of, e.g., OaAs, InP, GaP, ZnSe, ZnO, Si, and AI2O3 suitable for growth of 
a crystal thin film on the substrate, more preferably, a crystal.substrate having a zinc-blende 
structure. The crystal growth surface on the substrate is a low degree crystallographic plane 
or a crystallographically equivalent plane, more preferably a (100) plane. In this specification, 
"(100) plane" is not necessary to be strictly a just (100) plane and can encompass cases that the 
substrate has an off-angle of 30° at most. In regard with the scale of the off-angle, the upper 
limit is preferably 30*" or less, more jweferably 16* or less, whereas the lower limit is preferably 
0 5* or greater, more preferably 2** or greater, further preferably greater, and most 
preferably 10' or greater 

The substrate may be a hexagonal system substrate, and in such a case, AljO^, 6H-5iC, 
etc. can be used. 



The compound seniiconductar layer containing an active layer, formed on the substrate; 
generally includes a layer in which the In compound crystal composition is no less than 5%, 
The compound semiconductor layer generally includes a layer having a refractive index smaller 
dian that of the active layer on each of upper and lower sides of the active layer. A layer on the 
substrate side Amctions as a first conductive type clad layer, and a layer on the other side, or the 
eftttaxiai side, functions as a second conductive type first clad layer. The compound 
semiconductc^ layer may contain a layer functioning as an optical guide layer. 

The layer having an In composition crystal content of 5 ft or higher can be any of the 
layers constituting the compound semiconductor layer. Preferable one is at least a layer among 
the first conductive type clad layer, the active layer, and the second conductive type first clad 
layer. Particularly, the In content of the compound crystal of the second conductive type first 
clad layer is preferably 5 % or high^. The composition of tiie layer that the In concent of the 
compound crystal is 5 % or higher is preferably (AlxGai.x>yIni.yP [0 ^ x ^ 1, 0.05 ^ y £ 1) . A 
higher average value of the In contents of the entire compound s miconductor layers is 
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preferred. More specifically, it is preferable 5 % or higher, more preferably 15 % or higher, 

and further more preferably 30 % or higher. 

[0017] 

The ridge type compound semiconductor layer containing the layer having a smaller 
re&active index than that of the active layer formed on the stripe shaped opening is generally 
made of a second conductive type second clad layer as a major portion. The compound 
semiconductor may contain a layer functioning as« e.g., an optical guide layer, other than the 
second conductive type second clad layer. The substantially whole surface of the surface is 
preferably covered with a contact layer having a low resistance. 

The clad layer, the active layer* and the contact layer are not specifically limited^ but it 
is preferable to use a general group m-V or n^VI semiconductor soch as AlGaAs, AlGalnAs* 
AlGalnP, GaJtoAsP, AlGalhN, BeMgZnSe, MgZoSSe, and CdZnSeTe, and 
hetero structure in which the active layer is sandwiched by the two clad layers. As a clad layer* 
a material having a smaller refractive index than that of the active layer is selected, and as a 
contact layer, a material having a narrower band gap than that of tbe clad layer is selected. As 
a proper carrier density of a low resistance to gain an ohmic contact with electrodes, the lower 
limit is preferably 1 x 10*' cm"^ or greater, more preferably, 3 x 10^* cm"^ or greater, most 
preferably, 5 x 10'* cm'^ or greater. The upper limit Is preferably 2 x 10*** cm'* or less, more 
preferably, 5 x lO'^cm'^ or less, most preferably, 3 x 10^® cm'** or less- The active layer is not 
limited to a singje layer and can be a single quantum well structure (SQW) composed of a 
quantum well layer and optical guide layers vertically sandwiching the quantum well layer or a 
multiple quantum well structure (MQW) composed of plural quantum well layers^ barrier layers 
sandwiched between the quantum well laym, and optical guide layers respectively formed on 
the uppennost quantum well layer and under the lowermost quantum well layer, 
[0018] 

The protection film is not specificaUy limited but it is necessary to provide insulating 
property to confine currents with the protection film on both sides of the caning so as to 
perform current irrjections only to a region of the active layer located below the ridge portion, 
which is formed on the opening of the protection filnu and also the refractive index of tiie 
protection film is preferably smaller than that of the compound semiconductor layer of the ridge 
portion, or more specifically, of the second conductivity type second clad layer to g^ve effective 
refractive index dElffexence between the ridge portion and the non-ridge portion in a transverse 
direction in the active layer and to stabilize the transverse mode of the laser oscillation. 
However, as a practical matter, if the refractive index difference is too large between the 
protection film and the second ccHiductivity type second clad layer of the ridge portion, the first 
clad layer below the ridge has to be thicker because the effective refractive index step in the 
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tiBjis verse direction tends to be larger in the active layer, thereby increasing leak currents in the 
transverse direction. To the contrary, if the refractive index difference is too small between the 
protection film and the second conductivity type second clad layer of the ridge portion, the 
protection filnx has to be formed thicker to some extent siwe the light easily leaks outside the 
protection film, but this tends to impair the cleavage property. In consideration oi those^ 
together, the lower limit of the refractive index difference between tiic protection film and the ^ 
second conductivity type second fclad layer of the ridge portion is 0.3 or greater, more prefejnably, 
0,2 or greater, and most preferably, 0.5 or greater. The upper liniil is 3*0 or less, more 
preferably, 23 or less, and most prefieiably, 1 .8 or less. There would be no problem, in regard 
with the thickness of die protection film, as far as the protection film can show a sufficient 
insulation property and has a thickness such that light does not come outside the protection film. 
The lower limit of the protection film is preferably 10 nm or greater, more preferably, 30 mn or 
greater, and most preferably, 50 mn or greater. The upper limit is preferably 500 nm or less, 
more preferably, 300 nm or less, and most preferably, 200 nm or less. 
[0019] 

The protection film is preferably a dielectric, and more specifically, can be selected 
preferably from a group of SiN, film, SiOi film, SiON filna, AI2O3 film, ZnO film, SiC film, and 
amorphous Si film. The protection film is used as a mask for formation of the ridge portion 
through a le-growth using an MOCVD method and is also used for the purpose of current 
squeezing- For simplifying the process, it is preferable to use a film having the same 
composition commonly for current squeezing and for selective growth, but layers having 
different compositions may be formed as a multilayer when neces&aiy. 

Where a zinc-blende type substrate is used and where the substrate surface is a (100) 
plane or its crystaHographlcally equivalent plane, it is preferable that the longitudinal direction 
of the stripe shaped opening (the extending direction of the stripe) is extending in a [01-1] 
direction or its cxystallographically equivalent direction to reacfily grow a contact layer, as 
described below, on the ridge top and the side soifiace. At that time, the most portion of the 
ridge side surface becomes (311)A plane in many cases, and it is possible to grow a contact 
layer on substantially tiie whole surface, on which a layer can be grown, on the second 
conductive type second clad layer forming the ridge. This tendency is particularly remarkable 
when the second conductive type second clad layer is AlGaAs, particulaiiy, AlGaAs having an 
AlAs content of 0,2 to LO, laeferably, 03 to 05, more prefierably, 0.4 to 0.8. The off-angel 
direction may be preferably within ± 30° from a direction perpencficular to the longitudinal 
direction of the stripe shaped opening, more preferably a direction within ± 7*, and further more 
pref rably within ± 2*^. The longitufinal direction of the stripe shaped opening is jroferably, a 
[0-1 11 direction or a crystallographically equivalent direction in the case where the 
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cry&tallographical plane of the substrate is (100). and the off-angle directioii is preferably withia 
± 30® from a [0-11] direction or a crystallographically equivalent direction, more preferably a 
direction within ± 7**, and further more preferably within ± 2*. It is to be noted that in this 
specification, '*[01-1] direction** indicates that the [01-1] direction is defined so Chat in general 
for ni-V group or II-VI group semicondactor, the [11-1] surface existing between the (100) 
plane and the [01-1] plane becomes a plane at which the V group element or the VI group 
element appears. 
[0020] 

The semiconductor light emitting apparatus of the invention is not limited to an 
embodiment having the stripe shaped opening extending in the [Ol-l] direction. Hereinafter, 
other embodiinents are describedL Where the stripe shaped opening extends in the [Oil] 
direction or its crystallographically equivalent direction, the growth rate can be made 
anisotropically in association with, e.g., the growth condition, so that the is fast on the (100) 
plane whereas almost no growth is madeon the (11 1)B plane. Atthat time^if the growth is 
made selectively on a (100) plane of the stiipe shaped opening, a ridge shaped second 
conductive type second clad layer is fouBed with the (lll)B plaiie as a side sui^e. In such a 
case, when to contact layer is subsequently formed, the contact layer is formed entirely on tihe 
ridge top made of the (100) plane as well as on the surfaces of the ridge top and the side surface 
made of the ( 1 1 1)B plane, by selecting conditions for creating more isotropic growth. 

From substantially the same reason, when a wurtzite type substrate is used, as a 
direction that the stripe region can extend, it is preferable to use, e.g., [1 1-20] or [1-100] 
direction on (0001) plane. For HVPE (Hydride Vapcn- Phase Epitaxy), any direction can be 
used, and for MOVPE, [11-20] direction is preferable. 
[0021] 

When the semiconductor light emitting apparatus of the invention is designed, the 
thickness of the active layer and the composition of the clad layer are first determined to obtain 
a desired vertical divergence an^. If the vertical divergence angle is made narrower, light 
encroachment from the active layer to the clad layer is promoted, thereby reducing the optical 
density at the end facet, and inoproving the optical damage (COD) level at the light emission 
surface. Accordingly, when a high output operation is necessary, though the vertical 
divergence angle is set relatively narrow, there is a limitation, as for a lower side, to suppress 
increase of the oscsQation threshold cuments due to reduction of light confinement in the active 
layer and reduction of the temperature characteristics due to overflow of carriers. The lower 
limit is preferably 15' or higher, more preferably 17* or higher, and further more preferably 19° 
or higher. The upper limit is preferably 30* or lower, more preferably 27* or lower, and further 
more preferably 25° or lower. When a vertical diveigetice angle is d texmined, structural 
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parameters greatly controlling a high output characteristics are a dBstance dp between the active 
layer and the protection film and a width W (hereinafter referred to as ''stripe width") of the 
stdpe shaped opening when seen in a vertical direction to the compound semiconductor layer. 
Generally, between the active layer and the protection fihn only the second conductive type first 
clad layer exists, and in such a situation, the distance dp is a thickness of the second conductive 
type first clad layer. When the active layer has a quantum well structure, the distance between 
the active layer closest to the protection film and the protection film becomes nunjeral dp, lb 
realize lasers with achievements of high ou^ut operation and with beam closer to a circular 
shape in maintaining high reliability, it is necessary to set the distance dp and the width W in a 
proper range with good controllability. 
[0022) 

To realize high output operation, it is effective to widen the stripe width from a 
viewpoint to reduce the light density at the end facet, but to reduce the operation current, it is 
desirable to narrow the stripe width from a viewpoint to rediK^e waveguide loss. Low 
operation current and high output operation can be realized at die same time, and high reliability 
can be maintained, where the stripe width W2 around a center serving as a gaining region is 
made relatively narrow whereas the width around each end is made relatively broad. That is, 
an end width WI at the cleavage surface preferably has an upper limit of 1000 pm or less^ xnore 
preferably 500 pm or less, and a lower limit of 2 pm or greater, and more preferably 3 pm or 
greater- As for a center width W2, the upper limit is preferably 100 pm or less, more 
preferably 50 pm or less. The lower limit is typically 0.5 pm or greater, preferably 1.0 pm or 
greater, more preferably 1 S pm or greater^ and further more preferably 2.2 jim of greater. 
Differences between the end width Wl and center widtii W2 have an upper fimit of 1000 pm or 
less, mjc^e preferably 500 jum or less. The lower limit is preferably, 0-2 jum or greater, more 
preferably 0^ pm or greater. 
[0023] 

To render the transverse mode a singjLe mode (having a light intensity profile in the 
transverse direction with a single peak)» the stripe width cannot be made so large from 
viewpoints to cut off higher degree modes and to prevent hole burning from occurring, so that 
an upper limit of the end width Wl is preferably 5 pm or less, more preferably 4 pm or less. 
The center width W2 preferably has an upper limit of 6 pm or less, more preferably 5 pm or less. 
In regard to the differences between the end width Wl and center width W2, the upper limit is 
preferably 5 pm or less, more preferably 3 pm or le^, and further more preferably 2 pm or less. 
The Jow«r limit is preferably 0,2 pm or greater, more preferably 0.5 pm or greater. 
[0024] 

The lengths of the gradually increasing or decreasing portions and the pottion with the 
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unchanged stripe width can be detenmnedi as appropdate for characteriscics targeted by the 
semiconductor light eniitting i^paratus. The lengths of the gradually increasing or decreasing 
portions are, from a viewpoint to reduction of waveguide loss, preferably 5 to 10 pm, more 
preferably 10 to 50 jim. The length of the portion of the unchanged fitripe width is, from a 
viewpoint to accuracy in cleavage, preferably 5 to 30 |nm, more preferably 10 to 20 pm. The 
stripe shaped opening may be produced according to necessity as follows: 

(1) Asymmetric openings where the stripe width and/or length of the pcwtion with the 
unchanged stdpe width and/or the gradually increasing or decreasing portions are not the $an)e 
with respect to the respective end of the chip; 

. (2) Openings having no unchanged width pardon but having width gradually 
increasing or decreasing up to the end; 

(3) Openings where one end (typically, a front end facet as the light emission side for 
high output) is only formed with the stripe width gradually increasing or decreasing; 

(4) Openings having a &ont end ^et and a rear end facet different from each other in 
regard to the stripe width at the end; and 

(5) Opening having a combination of some of (1) to (4), 

It is effective to reduce recombination cuirents at each end in avoiding formadon of 
any electrode around each end for facilitating high output operation with high reliability. 
[0023] 

To realize lasers with achievements of high output operation and with beam closer to a 
circular shape in maintaining high reliability, it is necessary to set the distance dp and the width 
W in a proper range with good controllability. 

To realize a beam close to a circle, it is effective to narrow the stripe widths but 
injection current density turns into an unfavorable state &om a viewpoint to suppress the bulk 
deterioration. Therefore, reduction of beam spot and low operation current operaticMi can be 
realized at the same time» and high reliability can be maintained, where the center width W2 of 
the stripe shaped opening serving as a gaining region is made relatively broad whereas the end 
width Wl is made relatively narrow. That is, an end width Wlat cleavage facet preferably 
has an upper limit of 10 }xsa or less, more preferably 5 |Lun or less, and further more preferably 3 
jam or less, and alower limit of 0.5 jnn or greater, and m<»e preferably 1 pm or greater. As for 
the center width W2, the upper limit is preferably 100 ^m or less» more preferably 50 jim or less. 
The lower linrit is preferably 1 pm or greater, more preferably 1.5 pim or greater, and further 
more preferably 2Jl ym or greater. Differences between the end width Wl and center width 
W2 have an upper linrit of 100 pm or less, more preferably 50 pm or less. The lower limit is 
preferably, 0.2 pm or greater, nwre preferably 0.5 pm or greater, 
t0026j 
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To render the transverse mode a single mode (having a light intensity profile in the 
transverse diiectian with a single peak)» the snipe width cannot be made so large from 
viewpoints to cut off higher degree modes and to prevent bole burning from occurring, so that 
an upper limit of the end width Wl is preferably 5 or less, more preferably 4 pm or less. 
The center width W2 preferably has an upper limit of 6 ;im or less^ more preferably 5 ^m or less. 
In regard to the differences between the end width Wl and center width W2, the upper linrit is 
preferably 5 iim or less, more preferably 3 inn or less^ and further more preferably 2 or less. 
The lower limit is preferably 0.2 \xm or greater, more inferably 0.5 |iun or greater. 
[0027] 

The lengths of the gradually increasing or decreasing portions and the end portion can 
be designed as appropriate for characteristics targeted by the semiconductor light emitting 
apparatus. The length of the gradually decreasing portion is, from a viewpoint to reduction of 
waveguide loss, preferably 5 to 10 ]iin» more preferably 10 to 50 \nn. The length of the end 
portion is, from a viewpoint to accuracy in cleavage, preferably 5 to 30 jAm, more preferably 10 
to 20 p.m. The stripe shaped opening may be produced accordSng to necessity as follows: 

(1) Asymmetric openings where the stripe widths or lengths of the portion of the end, 
the gradually increasing or decreasing portions are not the same with respect to the respective 
ends of the chip; 

(2) Openings having no unchanged width portion but having width gradually 
increasing or decreasing up to the end; 

(3) Openings where one end (typically, a front end facet) is only formed with the stripe 
width gradually increasing or decreasing; 

(4) Openings having a &ont end facet and a rear end facet different irom each other in 
regard to the stripe width at the end; and 

(5) Opening having a combination of some of (1) to (4). 

It is effective to suppress bulk deterioration due to current injection to the stripe 
shaped opening around the end and to reduce recombination cuuents at each end in avoiding 
formation of any electrode around each end form a view point to production of a laser having a 
small beam spot with high reliability. 
[0028] 

In general, when a stripe width in the semiconductor layer is determined by etching 
(particularly, wet etching), if Ae strix>e width is made gradually increasing or decreasing, the 
edge of the stripe changes stepwise due to fuzziness on the stripe edge tecau^ some, specific 
plane selectively comes out readily, this stepwise undulation at the edge readily causes disorders 
such as ripples in the far field pattern in the horizontal direction, a large side peak, and the like. 
On the other hand, with a desirable embodiment of the invention, because the stripe width 
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gradmdly iiKieasing or decreasing portions are f ornied by etching of SiNx amoiphous film, the 
stripe width can be increased or decreased lineaiiy. so that an isolated single peak can be fonned 
easily without ripple or side peak. 

With respect to the distance dp. an upper limit is preferably 0.60 pm or less, more 
preferably 0.50 pm or less, further more preferably 0-45 or less, and stiU fteher. more 
preferably 0.40 |um or less, A lower limit is preferably O.lO or greater, more preferably 
0 15 urn or greater, and further more prefrrably 0.20 urn or greater. However; the above 
optimum range may be shifted depending on the nse object (stoch as settings of divergence angle, 
etc.) and materials (such as reftactiw index, resistance, etc.). With respect to the optimum 
range, it should be noticed that the above struchiral parameters may affect each other. 
[0O29] 

For the ridge type compound semiconductor layer, a lower In content of die compound 
crystal composition is preferred becatise changes to the lattice constant or refractive index 
become less. For example, where the In content in the semiconductor layer may vary at 10 % 
or more, if the In content in the ridge type compound semiconductor layer is 10 9fc. the In 
content shift amount becomes 1 % or higher. Generally, in a m-V group semiconductor 
contaimiigm. if the In content is deviated 1 % from the lattice matching condition, the critical 
■film thickness becomes about 1 mj». so tiiat high density transfer may occur during the ridge 
production, and so tial tiiere may raise a problem tiiat the device property and reUabiUty may be 
impaired. To avoid such a problem, some restriction may be imposed such tiiat die growth 
condition, die protection film shape, and die like are strictiy controlled so that the In content 
becomes less timn about 10 % as aproportion. On the other hand, if the In content is small, the 
to content shift amoimt can be suppressed to be less ti«n 1 % even where the In content in tiie 
semiconductor layer is gieafly changed. Therefore, the In content of tiie compound crystal of 
tiie ridge type compound semiconductor layer is preferably 10 % or less, more preferably 5 % or 
less, and further more preferably l%or less. 

It is to be noted tiiat if die second conductive type second clad layer is structured of a 
m-V group compound semiconductor containing Al such as Al(Ga)As, Al(Ga) AsP. Al(GaIn) As. 
Al(GaIn)P. Al(GaIn)N. and the like, surface oxidation can be preferably prevented by covering 
die substantially entire surface on which a crystal may be grown with a HI-V group compound 
semiconductor containing no Al such as GaAs. GaAsP, GalnAs, GalnP, GaInN, and the like. 
[0030] 

When the semiconductor Ught emitting apparatus according to the invention is 
manufactured, after a double hetero structure is formed on a substrate, a ridge type second 
conductive type second clad layer and a second conductiv type contact layer are selectively 
grovm using a protection fihn. and it is preferable to form electrodes on the ridge top and the 
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side surfaces without fomnng a protecdon film on the xid^ top and the side surfaces. The 
specific cooditions for growing the respective layer may vary depending on the layer's 
composition, growing n^thod, shape of the apparatus, etc^ and in a case that a compouud 
semiconductor of group IH-V is grown by the MOCVD method, preforably^ the double 
hetero-structure is formed at a growing temperature of about 650 to 750 with a V/m ratio of 
about 20 to 60 (in the case of AlGaAs) or about 350 to 550 (in the case of AlGalnP), whereas 
the ridge portion is formed at a growing temperature of 600 to 700 '*C with V/m ratio of about 
40 to 60 (in the case of AlGaAs) or about 350 to 550 (m the case of AlGalnP). Where the 
ridge portion selectively grown in use of the protection film contains, particularly, Al such as in 
AlGaAs and AlGalnP. it is very preferable if a very small amount of an BCl gas is introduced 
during the growth, because the gas prevents polycrystals from depositing. However, as the Al is 
contained much more in the composition^ or as the ratio of the mask portion to the opening is 
higher, a necessary introduction amount of HCl increases for making a selective growth only on 
the opening (selective mode) in preventing polycrystals from depositing where other growing 
conditions are unchanged- On the other hand, if the HO gas is introduced too much» the 
AlGaAs layer may not be grown, and conversely, although the semiconductor layer is etched 
(etching mode), a necessary introduction amount of HQ increases for entering to the etching 
mode as the Al is contained much more in the composition, even where other growing 
conditioi^ are unchanged. The optimum introduction amount of HCl greatly depends on a 
molecular number of the group 111 source supply including Al such as trimethylaluminum or the 
like. More specifically, the ratio of the supply molecular number of HQ to group HI source 
supply molecular number including Al (HQ / Group HI) is preferably 0.01 or more, more 
preferably 0.05 or more, and fiirther mcae preferably 0.1 cm- more. An upper limit is preferably 
50 or less, more preferably 10 or less, and further more preferably 5 or less. It is to be noted 
that ridge component control tends to be dif&cult when a conipound semiconductor layer 
containing La at the ridge is selectively grown (particularly, HQ introduction), 
[0031] 

The semiconductor light emitting apparatus according to the invention includes, on a 
substrate, at least a compound semiconductor layer containing an active layer, a protection film 
ha^dng an opening formed on the layer, a ridge typ& compound semiconductor layer having a 
smaller refractive index than that of the active layer on the opening, and a contact Jayer formed 
on substantially the entire surface of the ridge shape, and the sermconductor light emitting 
apparatus can reali2:e a high output operation where the width of the opening is set from 2.2 fom 
to 1,000 pm, and the resistance of the entire apparatus can be reduced to a low value by creating 
an adequate contact area between the contact layer and the electrodes adjacent to the contact 
layer and the second conductive type second clad layer, A portion of the ridge top and side 
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surfaces on which the contact layer is formed can be covered with a proteciion film for the 
purpose of preventing the layer from oxidizing or the Uke, In this embodiment^ the apparatus 
can have a lower resistance in comparison with an apparatus formed with a protection film 
without forming any contact layer on the ridge side surface, and falls wiOrin the scope of the 
invention. It is particularly effective to reduce the resistance of the entire apparatus where a 
material having a high specific resistance such as AlGalnP based and AlGaInN based (especially, 
ofp-type), 
[0032] 

In this invention, a portion of the ridge type compound sexrriconductor layer having a 
smaller refractive index than tliat of the active layer formed on the opening is formed as to 
overlap the protection film. The overlapped portion of the second conductive type second clad 
layer over the insulation film is 0.01 jim as a lower limit, more preferably 0.1 ^m or greater, and 
as an upper limit, preferably less than 2.0 jjm (excepting 2.0 pm), and more preferably 1.0 )im 
or less. Such an embodiment improves the controllability of the light profile encroaching 
around boundaries between the protection film and the ridge bottoxn, th«eby reducing optical 
absorption at the contact Uyer fonned on tht ridge top and the side surfaces. In this case, a 
protection fikn formed on die side surfeces of the ridge portion is not always necessary unHke 
the conventional ridge waveguide type laser, so tiiat such use is advantageous for simpUficaliott 
of the processes and cost reducticm. 

In this invention, the widUi of the opening is preferably set in a size of 4 pm or less, 
and this feature allows the transverse mode to be a angle mode (light intensity profile in the 
transverse direction having a single peak). The semiconductor light emitting apparams of the 
invention can form the far field pattern to be a single peak, so that the aK>aratus can be used to 
• provide a desirable laser for broad applications such as information processing and optical 
telecommunication. 

Where a clad layer is fonned between the active layer and the protection film, and 
where the thickness of the clad layer is set to 0- 10 pm or greacer (x 0.50 jim or less, a high 
output operation can be realized easily with the stcipe width. 
[0033] 

Fttrthermore, where the protection film is made of a dielectric such as SiNx film, SiOi 
film, SiON film, MzOy film, film, SiC film, and tiie like, the apparatus can readily realize a 
high output operation under the above ccaicfition. At that time, it is preferable to set the 
refractive index difference between die protection film and the second conductive type first clad 
layer at the oscillari<m wavelength equal to or higher than 0.5 and equal to or less than 2.0. 

The height (thickness) of the second conductive type second clad layer is preferably 
set to about 0.25 to 2,0 times of the width W of the protection film opening as described above. 
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If within this range, it is pmferable because the second conductive type second clad layer would 
not be projected so mncb in comparison with the surroundings (the current block layer or ridge 
dummy layer as described below), because the device life would not be affected due to stresses 
exerted to the ridge portion when the device is used in a manner of the junction down, and 
because post processes such as a forming process for electrodes are done easily since it is very 
low in comparison with its vicinity, 

In addition to the structure of the invention, a clad in the ridge shape is formed by 
re-growth whete an antioxidant layer is formed on a side of epitaxial surface of the double 
hetero structure, thereby easily preventing a high resistance layer» which may increase a passage 
resistance at le-growtb boundaries from occumng. 
[0034] 

As the antioxidant layex^ there is no special limitation on selection of the materia) as 
far as it is hardly oxidized or it is cieaned up easily. More specifically, a compound 
semiconductor layer of m-V group having a low containing rate of readily oxidized elements 
such as Al (about 03 or less) is exemplified. It is preferable that the antioxidant layer does not 
absorb light from the active layer by selecting the material or thickness of the antioxidant layer 
to avoid the operation current from increasing. The material of the antioxidant layer can be 
ordinarily selected from materials having a wider band gap than that of the active layer material, 
but a material, even where its band gap is narrow, can be used where the thickness is 50 nm or 
less, preferably, 30 am or less, more preferably, 10 nm or less because light absorbing can be 
substantially neglected. 

With the embodiment, the j^oflle controllability of li^t otherwise encroaching adjacent 
regions between the protection £Qm and the ridge is made better where the clad layer of the 
re-growth portion is grown as to be over the top of theprotection film; the side surface of the 
clad layer is prevented from oxidising by growing the contact layer on substantially the whole 
surface on which a crystal can be grown on the re-grown clad layer, the contact resistance to the 
electrode may be reduced by increasing the contact area in contact with the electrode on a side 
of the epitaxial surface. Growing the re-growing clad layer and the contact layer coming over 
the protection film can be done independently or done in combination. Where the ridge is 
formed by re-growth, a ridge dummy layer may be formed which has a larger area than the ridge 
portion subjecting to current injection and in which no current injection is made in order to 
improve the composition of the ridge portion and the controllability of the carrier concentration 
and growth rate. In this simation, an insulation covering layer such as an oxide layer or a 
thyristor structure is fc^med at a portion of the ridge dummy layer to prevent the current from 
passing. Where the current injection stripes are formed on the off-angled substrate in a 
perpendicular direction as much as possible to the off direction, although th ridge of th 
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re-growth becomes trajosvcrsely asynunetric, the li^t profile that coxbcs out the vicinity of the 
protection film and the ridge has a good symmetry, because the refractive index difiference 
between the protection film and the clad layer of the ridge portion is easily made larger than the 
conventional block layer made of a semiconductor layer as showjt) in Fig. 5, and because the 
clad layer of the re-growth portion can be grown as to cover the top surface of the protection 
film by selecting the stripe direction properly, and therefore, this apparatus can obtain a 
ftxndamental transverse mode oscillation which is stable even at a high output stage. Tbus» this 
invention is applicable to various ridge stripe type waveguide structure semiconductor light 
emitting apparatuses. 
[0035J 

In accordance with a desirable embodiment of the invention, the lefiactive index of the 
second ccmductive type first clad layer is larger Chan the refractive index of the second 
conductive type second clad layer. Therefore, this can suppress expansion of the light profile 
(near field pattern) to the jtidge portion, thereby achieving improvements in symmetry of the 
vertical divergence angle (far field pattern), suppression of side peaks of horizontal divergence 
angle (far field pattern), and improvements ia laser property by suppressed light absorption at 
the contact layer and in the reliability. 

With another desirable embodiment of the invention, the antioxidant layer is formed at 
least light below the protection film opening on the second conductive type first clad Layer, or 
namely, at the stdpe shaped opening and, p^feraMy, on tl^ o^>o5ite sides of the stripe shaped 
opening. Tins may prevent a high resistance layer that may increase the passing resistance 
from occumng on the re-growth boundary where the clad layer of the ridge portion is formed by 
re-growth- If ins^urities such as oxygen exist in a large amount ai the re-growth boundary, 
light absorption (heating) at the boundary due to lowered crystal quality and promotion of 
impurity dMtisions through lattice defects may be induced, thereby inviting impairments on 
property and reliability, 
[0036] 

This invention is applicable to various ridge waveguide type semiconductor light 
emitting apparatuses, and the apparatus according to the invention can be combined with 
various embodiments as exemplified below. 

(1) An apparatus formed with a current block layer such as a semiconductor or 
dielectric on the outer side of the protection film constitoting the opposite sides of the stripe 
shaped opening to improve cleavage and yield during assembling and rendering the life time 
longer by reducing stresses in the ridge portion when the apparatus is assembled with a jujoction 
down state. 

(2) An apparatus capable of self-excited oscillatiBg by setting the width of the stdpe 
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shaped opening and the distance between the active layer and the protectiCTn in a proper 
Tsnge and by forming the vertica] divergence angle of Ae light in a specific range. 

(3) An apparatus fanned vdth a structure having a ridg^ dummy region on an outer 
side of the protection film constituting the opposite sides of the stripe shaped opening to readily 
control the thickness of the stdpe shaped opening, the composition, and the canier 
concentration. 
[0037] 

As a semiconductor laser apparatus to which this invention applies, the light source for 
information processing (tyfHcally, AIGaAs based (wavelength about 780 nm)« AlGalnP based 
(wavelength 600 nm band), InGaN based (wavelength about 400 mn) are described, but this 
invention is also applicable to broad use (particularly, Ugh output oijeration) such as a 
sensiconductor laser apparatus for telecommunication, other than the above, e.g., a signal light 
source laser for teiecommunication (typically, having an active layer made of InGaAsP or 
InGaAs, 1.3 p.m band, t-5 jam band), a light source laser for fiber excitation (about 980 nm 
using an InGaAs strained quantum well active layer / GaAs substrate, about 14S0 nm using an 
InGaAsP strained quantum well active layer / InP substrate). The laser having a spot close to a 
circle, even for telecommunication, is advantageous to the extent of raising the coupling 
e£&ciency with fibers. 

In addition, the structure of this invention is applicable to a light emitting diode 
(LED) such as of end facet emitting type other than semiconductor lasers. 
[0038] 

[EmbodimentsI 

Hereinafter, examples and comparative examples axe described to illustrate the 
invention in detail. The material, concentration, thickness, manipulation order, and the like 
indicated in the following examples are properly changeable as far as not goes beyond the spirit 
of the invention. Accordin^y, the scope of the invention is not limited to the detailed 
examples shown in the following examples. 
[0039] 
[Example 1] 

Ih this example, a semiconductor li^t emitting apparatus according to the invention 
having a cross-sectional structure shown in Fig. I was manufactured 

On a GaAs substrate 101 having a thickness of 350 \un and an off-angle of about 10 ° to 
15* in a [0-1-1] A direction from (100) plane, first, a Si doped n-type GaAs buffer layer (n - 1 x 
10*^ cm"^), which is not shown in Fig,2, having a thickness of 0.5 jLim, an n-type first clad layer 
102 made of a Si doped Alc^Gao^As (n = 1 x 10*^ cm'^ having a thickness of 1.5 ^m,.an 
n-type second clad layer 103 made of a Si doped (Ala7Gaojj)ojIna5P (n = 1 x lO'^ cm'^) having a 
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thdckness cf 0.2 jxoi, a triple quantum well (TQW) active layer 107 made of (three layers) an 
uadoped GaoL44lDa56P well layer 105 having a thickness of 5 to 6 mn sandwiched by an optical 
guide layers 104 made of an undoped (Alo^G^shS^J? having a thickness of 50 mn or a 
barrier layers 106 made of an undoped (Alo^ao.s)o.5lno.5P having a thickness of 5 mn, a p-type 
first clad layer 108 made of a Zn doped (Alo.7Gao.3)ojInoL5P (p = 7 x lO" cm'^) having a thickness 
of 0.25 ^m, a Zn doped p-type Gac^IhajP antioxidant layer 109 (p = 1 x lO'* cm"*) having a 
thickness of 5 mn were accumulated orderly by an MOCVD method to form a double 
. hetero-stnicture (Fig. 1(a)). At that time, the antioxidant layer preferably has a selected 
composition so as not to absorb light generated byre-combinations in the active layer in order 
to reduce the threshold current, but can be used as an over-saturation absorbing layer upon 
absorbing light inteationally to do self-pulsation. It is further effective to change the 
composition of the Ga,Ini_xP antioxidant layer with Ga rich side (X = 0-5 to 1) or to add Al in a 
small amount ((AlxGaj.x)oL5lDoL5P» X ^ approximately 0.1 to 0,2) to prevent the light from being 
absorbed. 

Subsequently, a SiN^ protection film UO as an insulat(%r (having a refractive index 1.9 
and wavelength 650 nm) was deposited by 200 nm on the surface of the double hetero substrate. 
Many stripe shaped openings 107 were opened in the SiNx film 110 by a photolithographic 
naethod in a [01-1] B direction, which is perpendicular to the ofif-angle direction. In a general 
m-V group compound semiconductor, a [Ol-IJB direction is defined so that the (11-1) plane 
located between the (100) plane and the (01-1 ) plane is a plane where the V group element 
appears. 

A ridge made of a Zn doped p-type Alo.75Gaoj5As clad layer 112 (p = 1 .5 x 10^* cm"^, 
refractive index 3.3, wavelength 655 nm) having a thickness or height of 2.0 jiun at the ridge 
center and a Zn doped GaAs contact layer 1 13 having a thickness of 0.5|am, was formed on the 
stripe shaped opening 111 by selective growth using an MOCVD method (Fig, 1(b)). At that 
time most of the side surfaces of the ridge was (311) A plane or other planes close to the plane, 
and the clad layer of the re-growth porticm was grown as to cover the top surface of the 
protection fiirn serving as an insulator, thereby allowing the contact layer to grow on 
substantially the entire surface on which a crystal can grow on the clad layer of the re-growth 
portion. Therefore, the device can make better the controllability of the light profile which 
comes out the vicinity of the protection film and the ridge, can suppress the side siuface of the 
clad layer firom oxi<fizing, and can reduce the contact resistance with the electrode by increasing 
the contact area in contact with the electrode on the epitaxial surface side. This tendency is 
remarkable where the re-growth ridge is AlGaAs, particularly wbefe the Al content of the AlAs 
conqjound crystal is set 0,2 to 0,9, preferably 0-3 to 0-8., 
[0041] 
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With the above MOCVD method, trimethyl galUum (TMO). trimethyl alunuoom 
(TMA) and trimethyl indium CI^D >vere used for raw materials for IH group source, and mme 
Ldph;sphine were usedforra. materials forVgroup.andhydrogen>.asusedforc^^^ 

Dimethyl zinc was used for the p-type dopant, and disiiaoe was used for the n^type ^ant 
Moreover, when the ridge was grown, the HQ gas was introduced at a molecular ratio of HCl / 
group.niof0.2.particularly,03a6amDlecularratioofHa/TMA. 

FrcnnSEM observation, the ridge shapedp-type secondcladlayer(secondconduct.v.,y 

type secondcladlayer) made of the Zn doped AlxGa,.xAs(.=0.75) was confirmed as formedm 
about 0.4 MH. in covering the protection film made of SlNx as shown in Fig. I . The p-GaAs 
olllayTcoveredthewholesurfeceoftherid^sidcwanateverysu^^^^^^ 
p.eveut^rid.eshaped^secondcladlayermadeoffl.ZndopedA^..x^^^^^^ 

Tom being exposed on a surface end oxidized at die surface. TT^ would be no problem to 
™iorlwhole surface of the ridge Side wan withaSiNxprotectionfi^^ 

lvJonalmethod,butiotMsexan.ple,noprotectionfilm^deof^^^^ 

forn.edontheridgesidesurfaceinconsiderationofsimplifica.or.ofprocessm^^ 

contactresistance. etc. Tl^ridge Shape becan^shghtly asymmetric hor«on^ 

influence of the off-angle of the substrate, though not shown, 

Subs«peody,ap-typeelectrodellOwasdepo^ted. Afterthesubstracewasn.de 

thim,er to 100 an n-type electrode 111 was deposited on the substrate and was ^^^^^^^ 
UrAl-rTsonator suture wasforrnedbycu^gintochipha.bycl^^ 

thus produced. Thelengthof the«sonatarwassetto500 pmatthat ^e. A^an 
^Jcoating of lO^onthef^ontend side and90^onthe rear end stde was made, the 

bm was sepsrattd tow each chip l>ysecoii<laijcl«vage. 

^ ^nM^i^ a of «»i-»ao. do™ ch«««i«i« o, con... ». ophC 

obL»dsScs of cu^n. ». op«cl oa^ - vol««a w» show,. ^ ^J^^ 

..7 V,..owva>«ac»xesp».di«».W,apcft>^».v.,a,es.«. 

el^-nxiewasve^ys— . T1«l3«rof <bi. e»«pl.cau.dob»maM*<>»^t^.o^ 
omput 120 mW opsntioD. b..e feed p»p«<y Ih« o^'^ ™ 

X i» a™J; - «-->--™ ^ '-■'^ *^ '^'"'T !1 

„W/mAina»ag.. T».U«rb.d. vc«icldiv»g.n=ean*. of 23-iaav».,. dv»„i«» 
o»ac.lo»,.tot50mW«.dobBl«dtosi«l.p«J=fi.Mdpa»m(be».dive^^^ 
ro^^9»d.«,di.ws.=o»a»«dfl>.tth.opS«lpro«. c»b.co„.oU«.v«,w.n. 
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From this result, it is assumed that no adverse effect comes out to kink levels or the like due to 
slight asyw»etxy of the re-grown lidge shape, since the transverse mode is basically controlled 
by the SiNx protection film- It is to be noted (hat in this specification, "a single peak" does not 
necessarily mean that it allows a sole peak but means that no other peak having an intensity one 
tenth of the maximum peak intensity exists. According to those results, the laser structure of 
the invention is useful for li^t source for writing to optical discs such as DVD, etc. In 
addition, it was turned out that the structure had high reliabiUty (stable operation for 1000 hours 
or more under high output of 100 mW, high temperature of 60°O. Moreover, in this example, it 
was confirmed that the respective devices of each batch or between the batches had less 
deviation in device property. 
[00431 

Where the stripe width was made broader than the above example, it was turned out 
that the almost all devices did not oscillate with a single transverse mode (single peak in light 
intensity profile in the transverse direction) when the stripe width at the center reached 3 fjm or 
grater. This indicates that it is desirable to set the stripe width to be 5 fjm or less to realize the 
single transverse mode oscillation. 

As a result upon confirmation throogji a simulation of a region operable for high 
output based on the experimental results, it was turned out that the effective refractive index gap 
in the transverse direction in the active layer should be set around 5 x 10"' to 13 X 10'^. 
[0044] 

In this embodiment, n-side clad layer is a two layer structore made of the Si doped 
Alo.75Gao.2sAs clad layer {n=l x 10'* cm*^ 102 having a thickness 1,5 micron meters and tiie Si 
doped n-type (Alo.7Gao.3)o.5lno^Pctad layer (n=l x lO'*' cm'^ 103 having a thickness 0.Z5 micron 
meter, but one layer structure made of either composition can be used (provided tiiat the 
thickness is about the same as the thickness of two layers). To render perfectiy lattice 
matching to the GaAs substrate, an AlGaAsP layer may be formed in adding P in a small 
amount in the Al(jaAs layer, and for example, the 2n doped p-type Alou75<3a<L25As clad layer 
(p=1.5 X I0"*cm"^ 112 can be an A1q,7sG^,^Asos7Po.o3' 
[0045] 
[Example 2] 

As shown in Fig. 2(a), a chip was produced in die same manner as in Example 1 except 
that a patterning was so made that the center vridth (W2) of the stripe shaped opening was 
constant. 4jLUii, and the stripe widtii was gradually reduced at around the end, and the end widtii 
(Wl) at the cleavage facet is constant, 5^m- This fabrication improved tiie maximum optical 
output up to 150 mW and enabled to Stably operate th apparatus for no 1 ss than 1000 hours at 
60 Celsius degrees, 50 mW, and this turned out th^ the apparatus can have a higher reliability at 
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a high output than die conventional apparatus (35mW). From this result, the laser structure of 
the Invention can be used as a light source for writing (faster wridng than the prior art) on 
optical discs such as DVD, and the like. 
[0046] 
[Example 3] 

A chip was manufactured according to substantially the sauoe steps as in Example I 
except that a quadruple quantum well (QQW) active layer including an undoped 
(Alo.sGa(u)(wIno.5p g^ndc layer having a thickness of 70 nm and four well layers made of an 
undoped Gao.«Jnoj6P» and a Zn doped p-type( Alo.7Gao3)o3in(LsP clad layer (p = 1 X 10*' cm"^ 
having a thickness of 0.35 pm was formed; the stripe shai>ed opening was subfect to patterning 
so that the width of the stripe shaped opening became 2.5 fnn. constant, at a center (W2), 
gradually decreasing towards e^h end (Wl), and 1,5 pm, constant, at cleavage facet, as shown 
in Fig. 2(b); at that rime, the length at the center portion was 200 ^J^m; the lidge top of the Zn 
doped p-type Alo.75Gao.25As (p = 13 x 10** cm'^ reftaccive index 3.3, wavelength 655 nm) was 
1 3 )xm in height; the length of the resonator was 350 jiun; an asymmetric coating of 32 % on the 
firont end and 80% on the rear end was made. 
[0047J 

The laser of this example could achieve sclf-<:^cited oscillation up to operation of an 
optical output of 5 mW or greater even at a high temperature (70 Celsius degrees), and had very 
good property such that the oscillation wavelength was 655 nm in average; the threshold current 
was 25 mAin average; the slope effectiveness was 0,5 mW/mAin average. The laser had a 
vertical divergence angle of 30" in average and obtained the single peak far field pattern (beam 
divergence angje) as exactly designed, and it was confirmed that the optical profile can be 
controlled very well. The horizontal divergence angle was 15*" in average and was about a half 
of the vertical divergence an^e* which came closer to a circle more than a conventional high 
output laser. With respect to the far field pattern in the horizontal direction, a good single peak 
with no tipple or side peak was obtained- This may suggest that factais are not only that the 
stripe width is decreased straight but also that the laser was littie affected from the ridge 
undulation of the gradually decreasing portion of the stripe width because the ridge portion was 
grown laterally. It is to be noted that in this specification, "a single peak" does not necessarily 
mean tiiat it allows a sole peak but means that no other peak having an intensity one tenth of the 
maximum peak intensity exists. According to those results, the laser structure of the inventic«i 
is useful for light source for reading for optical discs such as CD, MD» etc. In addition, it was 
turned out that the structure had high reliability (stable operation for 1000 hours or more under 
output of 8 mW, high temperature of 70*^. Moreover, in this example, it was confirmed that 
the respective devices of each batch or between the batches had less deviation in de^dce 
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*pr<>perty. 
[0048] 

Where the center width (W2) of the stripe shaped opemng was jmdt broader than the 
above exajxqjle, it was tunted out that the almost all devices did not oscillate by s^-excitaticn 
when the width reached 3 fxm or grater. This indicates that it is desirable to set the center 
width (W2)of the stripe shaped opening to be less than 3 \Mn to realize the self-excited 
oscillation. 

As a result upon confirmation through a simulation of a re^on in which the center 
width (W2) of the stdpe shaped opening and the thickness dp of the second conductive type first 
clad layer satisfy the self-excited oscillation condition, it was turned out that the effective 
refractive index gap in the transverse direction in the active layer should be set around 2 x 10'^ 
to 7 X 10'^ and that light emroaching rate Tactlout to the respective ridge sides should be set to 
around 10 to 40 %, 
[00491 

[Comparadve Example 1] 

A laser chip was manufactured with the same conditions as in Example 1 except that a 
ridge made of the Za doped p-type( Alo.7Gao.3)ojIiio^ clad layer (p = 7 x lO" cm'^; refractive 
index 33, wavelength 655 nm) and Zn doped GaAs contact layer having a thickness of 0.5|im is 
fonned at the opemng 111 in a stripe shape by selective growing in use of the MOCVD method. 

After assembled in a manner of the junction-do wu, the laser had a Mgh passage 
resistance of about 10 ohm and an opdcal output op to merely around 70 mW, where 
chaiactsiistLcs of cuzrent vs. optica) output were measured tmder continuous wave (CW) at 25 
°C. Thus, during the reliability test done under high output of 35 raW, high temperature of 
60*C in the same way as in Example 1, the tested twenty devices all increased suddenly the 
operation current between several tens hours and several hundreds hours after the start of 
continuous wave operation and fallen to a phenomenon that no optical output came out. The 
grounds for increase of the passage resistance^ reduction of the maximum c^cal output, 
inferior reliablEity at high temperature, hig^ output operation were presumably, because of slight 
shifts in designed amounts of the composition of the ridge portion clad layer made of the p-type 
(Alo jGao.3)o.5lnojPt that the near field pattern 0>eam divergence angle) is made imstable due to 
deviations in the refractive index, that dislocations occurred due to lattice mismatching, and 
f urtter that the p-type (Alt^jGaajyojsbhJ? clad layer is subject to higher resistivity and heat 
resistance in comparison with the p-type Alo.75Gao.2sAs layer of Example 1, 
10050] 

[Comparative Example 1] 

A laser chip was manufactured with the same conditions a$ in Example 3 except that a 
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ridge made of the Zn doped p-typeC Alo.7Gaa3)ojIiiojPclad layer (p = 7 x 10^^ cm"*; refractive 
index 33, wavelength 655 nm) and Zn doped GaAs contact layer having a thickiiess of O^iun is 
formed at the opening 111 in a stdpe shape by selective growing in use of the MOCVD method; 

After assembled in a manner of the junction-down^ the threshold current increased up 
to BQmA in av^age and the laser could not achieve self-excited oscillating at a high teniperatme 
(70^, where characteristics of current vs. optical output were measured under continuous 
wave (CW) at 25 °C, Thus, during the reliability test done under 5 mW, TO'C in the same way 
as in Example U the tested twenty devices all increased suddenly the operation cuxient between 
several tens hours and several hundreds hours after the stan of continuous wave operation and 
fallen to a phenonaenon that no optical output came out. The grounds for stoppage of the 
self -excited oscillating at the high temperature (70^C) and inferior reliabihty at high temperature 
operation, in comparison with Example 1 which tends to increase the operation ccxxent at a high 
temperature, were ptesuxnably, because of slight shifts in designed amounts of the composition 
of the ridge portion clad layer made of the p-type (Al(>,7Gao^)o.5lno.5P, that the near field pattern ■ 
(beam divergence angle) is made unstable due to deviations in the re&active index, diat 
dislocations occurred due to lattice mismatching, and further that the p-type (Alo.7Gao.3)o.3lno^ 
clad layer is subject to higher resistivity and heat resistance in comparison with the p-type 
AIo.75Gaa25 As layer of Example I to change the current divergence profile. 
[0051] 

[Advantages of the Invention] 

In accordance with the invention, upon designing a semiconductor light emitting 
apparatus such as a ridge waveguide stripe laser, at least having on a substrate^ a compound 
semiconductor layer containing an active layer, a protection film having an opening formed on 
the compound semiconductor layer, a ridge type compound semiconductor layer having a 
smaller refractive index than the refractive index of the active layer, the ridge type compound 
semiconductor layer being formed as to cover the opening, and an electrode formed cm the ridge 
type compound semiconductor layer» to have a layer whose In compound crystal composition is 
no less than 5%, and to render the ridge type compound semiconductor layer include an In 
compound crystal composition of no more than 10%, the apparatus can improve the 
controllability of the ridge (mesa) shape and the con^K>und crystal composition (lattice cc^tant, 
refractive index* etc.) of the semiconductor layer constituting the ridge and also render the laser 
property stable as well as improve reliaWlity of the laser operation. 
[00521 

According to the invention, where a structure is formed with no protection film made 
of an insulator on the ridge side surface in forming a ridge type compound semiconductor layer 
at the stripe region to which current is injected by selective growth in use of a protection film 
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made of an insulator, not only the stiipe width can be reduced linearly^ but also the gradually 
reduced pordoo in the stiipe width is litde afifected from undulations of the ridge portion 
because the ridge portion grows in the lateral direction, thereby easily brin^g a good single 
isolated peak without any lipple or side peak in the far field pattern in the horizontal direction. 

Moreover, according to the invention, by forming a contact layer as to cover 
substantially the whole surface including the lidge top and side surfaces formed by growth to* 
increase the contact area between the contact layer and the electrode > the contact resistance can 
be reduced, and laser property and leliabiEty can be improved upon prevention of surface 
oxidation of the lidge side surface of the clad layer (containing, particularly, AJ), 

FurthermOTe, the senciiconductor light emitting apparatus also has an advantage to 
greatly improve the production yield because manufactured with simplitied processes not using 
complicated and very fine photolithography as used conventionally. 

With this invention, a high output opemtion can be realized while a lower op^:ation 
current is kept in rendering wider the stripe width at the end in comparison with the center. In 
a meantime, a semiconductor light emitting apparatus such as aridg^ waveguide stripe laser can 
make a laser bavii^g beam close to a circle in keeping high reliability because the width of the 
protection film opening is made narrower at arourul the apparatus end than at the apparatus 
center. Therefore^ optical loss in an optical system can be reduced, and the lasex property 
when assembled as an optical pickup and the assembling yield became very good since the 
optical axis adjustment in the horizontal direction is easily made. 

Moreover, even when a substrate having a large off-angle with respect to some lower 
degree plane direction such as (100) is used for rendering the wavelength shorter Hkewisc the 
AlGalnF/GaJhP based visible laser, the horizontally asymmetric property of the ridge shape of 
the ridge waveguide type laser is little affected from the horizontally asymmetric property of the 
optical intensity profile, so that a stable basic transverse mode can be obtained up to a high 
output operation, 

[Brief Description of the Drawings] 

[Fig. 1] It is a cross section illustrating a manuf^tunng process of a semiconductor light 
emitting apparatus of a first example. 

[Fig^ 2] It is a plan view illustrating width changes of a stripe-sh^d opening at a resonator 
direction in a semiconduct(^ Sght emitting apparatus of second and third examples. 
[Fig. 3] It is a cross section illustrating a conventional semiconductor light enntting apparatus 
and its manufacturing method where a ridge portion is farmed by re-growth in fonning a 
protection film at a non-ridge portion and where a contact layer is formed only on the ridge top. 
[Fig. 4] It is a cross section illustrating a manufacturing process of a conv ntional 
semiconductor light emitting apparatus and its manufacturing method whose ridge portion is 
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fonncdbyeiching. ^ 
[Fig. 5J It is a cross section iUostrating a semicondoctDr light exnitdng apparatus having an 
inner-stripe structun. of a ridge type or groove type using a cunent block layer made of a 
semiconductor and its manufactuiing.method. 

[Fig, 61 It is a cross section iUustrating a conventional (AlGa)InP based red ray visible laser 
manufactured od a GaAs substrate, 
[Description of Reference Numbers] 

101 substrate 

102 first conductivity type first clad layer 

103 first conductivity type second clad layer 

104 optical guide layer 

105 barrier layer 

106 well layer 

107 MQW active layer 

108 second conductivity type first clad layer 

109 antioxidant layer 

110 protection film 

111 stripe shaped opening 

112 second conductivity type second clad layer 

113 contact layer 

114 epitaxial side electrode 

115 substrate side electrode 
Wl end width 

W2 center width 

301 substrate 

302 first conductivity type clad layer 

303 active layer 

304 second conductivity type first clad layer 

305 antioxidant layer 

306 protection film 

307 stripe shaped opening 

308 second conductivity type second clad layer 

309 contact layer 

310 epitaxial side electrode 

311 substrate side lectrode 
401 substrate 
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402 first condocdYLty type clad layer 

403 active layer 

404 second conductivity type clad layer 

405 contact layer 

406 protection film 

407 epitaxial side electrode 

408 substrate side electrode 

409 ridge portion 

410 non-ridge portion 

411 resist 

501 substraie 

502 first conductivity type clad layer 

503 active layer 

504 first conductivity type first dad layer 

505 first conductivity type current block layer 

506 second conductivity type contact layer 

507 epitaxial side electrode 
50S substrate side electrode 

511 substrate 

512 first conductivity type clad layer 
5B active layer 

514 second conductivity type first clad layer 

515 first conductivity type current block layer 

516 second conductivity type second clad layer 

517 second conductivity type contact layer 

518 epitaxial side electrode 

519 substrate side electrode 

601 B'type GaAs substrate 

602 n-type AlGalnP clad layer 

603 undoped GalnP active layer 

604 p-type AlGalnP clad layer 

605 n-type GaAs block layer 

606 p-type GaAs contact layer 



Received from < 3015934734 > at 1215/02 10:49:08 AM [Eastern Standard Time] 



12/05/2002 10:47 3015934734 



FELBER RESIDENCE 



[Document Name] Dravwings 
tFig.l] 





Received from < 3015934734 > at 1215/02 10:49:08 AM [Eastern Standard Time] 



12/05/2002 10:47 3915934734 
[Fig.2] 



FELBER RESIDENCE 



PAGE 35 




Received from < 3015934734 > at 12fS/02 10:49:08 AM [Eastern Standard Time] 



12/05/2082 10:47 3015934734 



FELBEK RESIDENCE 



PAQE 36 



CFig.3] 



(a 



(b 



(c) 




Received from < 3015934734 > at 12IS/02 10:49:08 AM [Eastern Standard Time] 



12/05/2002 10:47 3015934734 



FELBER RESIDENCE 



PAGE 37 



[rig.4] 



(a) 



•405 

•404 
•403 
-402 

-4or 



(b) 



4IO 



J 



^ 409 
4JO 



■f 



(c) 



407 



406 



,408 



Received from < 301S934734 > at 1215102 10:49:08 AM (Eastern Standard Time] 



12/85/2002 10:47 3015934734 



FELBER RESIDENCE 





Received from < 3015934734 > at 12/5/02 10:49:08 AM [Eastem Standard Time] 



12/05/2002 10:47 3015934734 



FELBET? RESIDENCE 



CFis.6) 



605 




Received Iroin<3015934734>a!12l5/02 10:49:08 AM [Eastern StandardTN 



12/05/2002 10:47 3015934734 FELBER RESIDENCE .PAGE 



[Docujjjent Name] Abstract of the Wsclosure 
[AbstractJ 

[Ohgectl To provide a semiconductor Ught emitting apparatus having good contronabiKty and 
reproduction property of a ridge shape and a compound crystal composAtion (lattice constant, 
refractive mdex, etc .) of a semiconductor layer constituting the ridge, with stable laser property 
and high teliabiUty erf laser operation. 

[Means to solve the problems] A semiconductor Ught emitting appaiatus. at least comprising 
on a substrate: a compound semiconductor layer containing an active layer; a protection film 
having an opening formed on the compound semiconductor layer, aridge type compound 
sennconductor layer having a smaller refractive index than the rcftective index of the active 
layer, the ridge type componnd semiconductor layer being formed as to cover the opening; and 
an electrode formed on the ridge type compound semiconductor layer, and further comprising a 
layer whose hi compound crystal composition is no less than 5%, wherein an In compound 
crystal composition of the ridge type compound semiconductor layer is no more than 10%. 

[Selected Drawing] None 
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